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© Organic transition metal compound having a pi-bonding heterocyclic ligand and method of 
polymerizing olefins by using the same. 



© An organometallic compound comprising a transition metal of any one of group 3A to group 8 of the periodic 
table and at least one cyclic ligand containing a heteroatom of group 5A or group 5B of the periodic table which 
is capable of forming a Tr-bond, wherein said transition metal is bonded to the heterocyclic ligand via said 
heteroatom and/or a w-bond and a catalyst for polymerizing olefin comprising the above organic metal 
compound and an organic compound. 
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This invention relates to an organometallic compound comprising a transition metal of any one of group 
3A to group 8 of the periodic table and at least one cyclic ligand containing a heteroatom of group 5A or 
group 5B of the periodic table which is capable of forming a 7r-bond, wherein said transition metal is 
bonded to the heterocyclic ligand via said heteroatom and/or a -rr-bond. 
5 It further relates to a catalyst system using the foregoing transition metal organometallic compound as a 

main catalyst and using solely an organometallic compound, aluminoxane or ionic compound or their 
combinations as a co-catalyst, and to a method of polymerizing olefin in the presence of the foregoing 
catalyst. 

A variety of polymerization methods and catalyst systems have been used to polymerize olefins. It has 
10 been known that a conventional Ziegler-Natta catalyst composed of a transition metal compound using alkyl 
aluminum as a co-catalyst is able to manufacture polyolefins that exhibit a wide distribution of molecular 
weight. 

Recently, a catalyst system including a transition metal compound (generally called a "metal locene 
compound") that contains a cyclopentadieny! derivative as a ligand has been developed. The foregoing 

75 catalyst system serves as a polymerizing catalyst for olefins, and, in particular, metallocenes composed of 
group IVA transition metals, i.e., titanium, zirconium or hafnium, have been used to manufacture e.g. 
p:!y ethylene, ethylene copolymer or polypropylene. It has been found that use of aluminoxane as a co- x 
catalyst enables polyolefin to be manufactured effectively (for example, see JP-A-58^19309). 

Many investigations have been made and results have been reported about catalyst systems of the 

20 type containing a group IVA metallocene compound and aluminoxane, the group IVA metallocene com- 
pound comprising a variety of cyclopentadieny I derivatives. As a result, it has been found that introduction 
of a variety of substituents into the cyclopentadieny! group enables the control of the stereostructure of 
generated polymer, the primary structure such as the composition distribution and the manufacturing 
efficiency (for example, see JP-A-61 -26491 , JP-A-64-51 408, JP-A-64-66216, JP-A-1-301704 and J. Am. 

25 Chem. Soc. 1988, 110, 6255-62). 

Since a necessity of using a large quantity of aluminoxane raises an industrial problem, investigations 
have been undertaken to use a variety of organic metal compounds to serve as a co-catalyst in place of 
aluminoxane (for example, see JP-A-3-1 9751 3, JP-A-3-290408) and investigations of polymerizations of 
olefin using cationic metallocene compound (for example, see JP-A-3-207704 and so forth) have been 

30 made. 

According to the foregoing specifications, polymers obtainable from the polymerization using the 
metallocene compound exhibits several characteristics, e.g. the quantity of oligomers that raises a problem 
in terms of performing a process is small and a uniform composition distribution is attained when it is used 
to manufacture polypropylene or ethylene-a-olefin copolymers. However, its narrow molecular weight 

35 distribution raises problems in terms of the processability and mechanical strength. Although a variety of 
investigations have been undertaken to overcome the foregoing problems, a satisfactory result has not been 
obtained yet. Accordingly, there arises a necessity of developing a novel catalyst system that is able to 
overcome the foregoing problems. 

A cyclopentadieny! group has a five-member cyclic structure of carbon and it has been used widely in 

40 an organometallic compounds as a ligand for stabilizing transition metal. Recently, a cyclic compound 
containing heteroatoms was reported in which a portion of five carbons of the cyclopentadienyl group is 
substituted by a heteroatom such as phosphorus or sulfur to have a structure similar to that of the 
cyclopentadienyl group but to have different characteristics. A group including F.Massie has reported some 
transition metal compounds of a type containing a phosphoryl group having a five-member cyclic structure 

45 which is similar to that of the cyclopentadienyl group. In Organometallics, 1988, 7, 921, a group IVA 
transition metal compound having a phosphoryl group was reported. Further, a report was made in 
J.Organomet. Chemistry, 1990, 384, 271 that a reaction of the foregoing compound and an iron carbonyl 
compound generates a polynucleus transition metal compound of iron-zirconium in which iron cross-links 
two phosphoryl groups. However, no polymerization catalysts comprising the above heterocyclopentadienyl 

50 groups have been reported. 

This invention aims to solve the foregoing problems. 

It is, therefore, the object of the present invention to solve the problems in the prior art and to provide 
catalysts that are capable of efficiently manufacturing polyolefins exhibiting excellent physical properties 
and processability and to provide a method of polymerizing olefins by using these catalysts. 
55 This object has been achieved by the finding that the sole use of an organic compound comprising a 
transition metal of any one of group 3A to group 8 of the periodic table and at least one cyclic ligand 
containing a heteroatom of group 5A or group 5B of the periodic table which is capable of forming a -n- 
bond, wherein said transition metal is bonded to the heterocyclic ligand via said heteroatom and/or a w- 
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bond and an organometallic compound, or aluminoxane or ionic compound of a combination of them as co- 
catalyst enables an excellent polymerizing activity with respect to olefins. 

According to the present invention, there is provided a transition metal organometallic compound 
wherein the structure of the compound is expressed by the following general formula (1): 
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X M X n (1) 
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where A and B respectively are expressed by general formulas (2) and (3): 
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where E and E' respectively are heteroatoms in group 5 or group 5B of the periodic table, R\ R 2 , R 3 , R 4 , 
R 5 , R 6 , R 7 and R 8 may be the same or different from one another, R\ R 2 , R 3 , R\ R 5 , R 5 , R 7 and R 8 being 
hydrogen, or a hydrocarbon group such as an alkyl group, an aryl group or an aralkyl group, or an acyl 
group, a cyanide group, a silyl group or a germyl group, or R 1 and R 2 , R 3 and R*. R 5 and R 6 , and/or R 7 and 
R 8 form an anellated ring, M 1 is transition metal in any one of group 3A to group 8 of the periodic table, and 
X may be the same or different from one another, X being hydrogen, alkyl group, aryl group, aralkyl group, 
acyl group, cyanide group, silyl group, germyl group, amide group, azide group, phosphide group, alkoxide 
group, aryloxide, silyloxide, sulfide, or halogen, and n is an integer from 1 to 4. 

According to the present invention, there is also provided a transition metal organometallic compound, 
wherein the structure of the compound is expressed by the following general formula (4): 
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where A, B, E, E\ R 1 to R 8 , M\ X and n denote the same as described above, M 2 is transition metal of any 
one of group 3A to group 8 of the periodic table or an element (carbon and silicon excluded) of any one of 
groups 1A, 2A, 3B and 4B, M 2 being bonded to A and/or B with the heteroatoms (E and E'), L may be the 
same or different from one another, L being a ligand, organic metal compound, transition metal compound 
and salt for stabilizing the transition metal M 2 , and m is an integer larger than zero. 

Furthermore, there is provided a transition metal organometallic compound wherein the structure of the 
compound is expressed by the following general formula (5): 



where A. E. R 1 to R 4 . M\ X and n denote the same as described above, and R 9 is a cyclopentadienyl 
?5 group or a substituted cyclopentadienyl group. Further, the present invention relates to a catalyst for 
polymerizing olefin having, as the components, the foregoing transition metal organometallic compound and 
an organometallic compound, and to a method of polymerizing olefin that uses the same. 

Figure 1 is the 'H-NMR- spectrum of the compound obtained by Example 20. Figure 2 is Mass 
spectrum of the compound obtained by Example 20. Figure 3 is the 1 H-NMR spectrum of the compound 
30 obtained by Example 21. Figure 4 is Mass spectrum of the compound obtained by Example 21. Figure 5 is 
'H-NMR spectrum of the compound obtained by Example 22. 
The present invention will now be described in detail. 

The transition metal organometallic compound that is the component of the catalyst for use in the 
present invention is a transition metal organometallic compound comprising a transition metal of any one of 
35 group 3A to group 8 of the periodic table and at least one cyclic ligand containing a heteroatom of group 5A 
or group 5B of the periodic table which is capable of forming a 7r-bond, wherein said transition metal is 
bonded to the heterocyclic ligand via said heteroatom and/or a ?r-bond, the transition metal organometallic 
compound being expressed by general formula (1), general formula (4) or general formula (5). 

The foregoing transition metal organometallic compound has the ^-bonding heterocyclic ligand ex- 
40 pressed by general formula (2) and (3), E and E' has a heteroatom in group 5A or group 5B, preferably 
nitrogen, phosphorus, arsenic or antimony, and most preferably nitrogen or phosphorus. 

R 1 to R 8 may be the same or different from one another, R 1 to Ft 8 being hydrogen, or a hydrocarbon 
group such as an alkyl group, an aryl group or an aralkyl group, or an acyl group, a cyanide group, a silyl 
group or a germyl group. The silyl group is exemplified by a trimethylsilyl group, a triethylsilyl group, a 
45 butylsilyl group, a phenylsilyl group, a diphenylsilyl group and a triphenylsilyl group. The hydrocarbon 
group is exemplified by a methyl group, an ethyl group, a propyl group, a butyl group, a hexyl group, an 
octyl group, a phenyl group, a tolyl group, a cyclohexyl group and a benzyl group. 

Throughout the application, the alkyl and acyl groups have preferably 1 to 20, the aryl group 6 to 20 
and the aralky group 7 to 20 carbon atoms. 
50 Further, compounds having a cyclic carbon skeleton expressed by chemical formulas 5 to 14, for 
example, a phosphaindenyl group and a phosphafluorenyl group may be exemplified as the ligand. 
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where E and E' are heteroatoms in group 5A or group 5B, and R' and R" respectively are hydrogen a silyl 
group or a hydrocarbon group such as an alkyl group, an aryl group or an aralkyl group. 

The heterocyclic ligand having a -^-system is bonded to the transition metal via the heteroatom or by a 
k -bond to stabilize the foregoing transition metal organometallic compound. 

The transition metal organometalic compound expressed by general formula (4) is composed of the 
transition metal M 1 and M 2 , which is a typical element in any one of groups 1A. 2A. 3B and 4B (carbon and 
silicon excluded) of the periodic table or transition metal in any one of groups 3A to 8, M 2 being bonded to 
A and/or B in general formula (4) with the heteroatoms (E and E'). It is preferable that M 2 is magnesium, 
boron, aluminum, gallium, germanium, tin, scandium, titanium, zirconium, hafnium, vanadium, niobium, 
thallium, chromium, molybdenum, tungsten, manganese, technetium, rhenium, iron, ruthenium, osmium, 
cobalt, rhodium, iridium, nickel, palladium or platinum. 

The ligand L for stabilizing M 2 is a Lewis base of an unsaturated hydrocarbon group or the like typified 
by carbonyl, phosphine, amine and ethylene; a hydride, halogen, cyanide, isocyanide, alkoxide, amide, 
phosphide, and a hydrocarbon group such as an alkyl group, an aryl group, or an aralkyl group or a 
cycloalkadienyl group, an organometallic compound and a transition metal compound. Symbol m is an 
integer larger than 0. 

The ligand L is specifically exemplified by oxygen, ether, tetrahydrofuran, phosphorus, phosphine, 
phenylphosphine, methylphosphine, diphenylphosphine, dimethylphosphine, triphenylphosphine, trimethyl- 
phosphine, bis (diphenylphosphino) ethane, bis (diphenylphosphino) butane, bis (dimethylphosphmo) 
ethane, and bis (dimethylphosphino) butane of a type that two or more phosphorus atoms are cross-linked, 
nitrogen amine, methylamine, dimethylamine, trimethylamine, aniline, methylaniline, dimethylaniline, eth- 
ylene diamine, bis (dimethylamino) ethane and bipyridine of a type that two or more nitrogen atoms are 
cross-linked, carbon, carbonyl, ethylene, butadiene, cyclooctadiene, cyclooctatetraene, hydride, fluorine, 
chlorine bromine, iodine, cyanide, isocyanide, methoxy, ethoxy, butoxy. methylamide, ethylamide, pro- 
pylamide butylamide. dimethylamide, diethylamide, dipropylamide, dibutylamide, phosphide, methyl- 
phosphide, ethylphosphide, butylphosphide, methyl, ethyl, propyl, butyl, phenyl, tolyl, phenyl, aryl. benzyl, 
cycloalkadienyl such as cyclopentadienyl, substituted cyclopentadienyl, fluorenyl or mdenyl. carbon dioxide, 
carbon disulfide, a cluster compound containing carborane or M1, for example, a manganese carbonyl 
compound, an iron carbonyl compound or a ruthenium carbonyl compound or inorganic salt. However, the 
present invention is not limited to the foregoing materials. 

X may be the same or different from one another, X being hydrogen, an alkyl group, an aryl group, an 
aralkyl group, an acyl group, a cyanide group, a silyl group, a germyl group, an amide group, an azide 
group, a phosphide group, alkoxide, aryloxide, silyl oxide, sulfide, or halogen. Symbol n is an integer from 1 
to 4. 

X is exemplified by fluorine, chlorine, bromine, iodine, a trimethylsilyl group, a triethylsilyl group, a 
butylsilyl group, a phenylsilyl group, a trimethyl germyl group, a trietyl germyl group, a butyl germyl group, 
a phenyl germyl group, a diphenylsilyl group, a triphenyl silyl group, a methyl group, an ethyl group, a 
propyl group, a butyl group, a hexyl group, an octyl group, a phenyl group, a tolyl group, a cyclohexyl 
group, a benzyl group, a methoxy group, an ethoxy group, a dimethyl amide group, a diethyl am.de group, 
a dipropyl amide group, a dimethyl phosphide group and a methyl sulfide group. 
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The transition metal organometallic compound expressed by general formula (1) is specifically exempli- 
fied by bis (phosphory!) scandium hydride, bis (phosphoryl) zirconium dimethyl, bis (phosphoryl) zirconium 
dichloride, bis (2-methylphosphoryl) scandium hydride, bis (2-methylphosphoryl) zirconium dimethyl, bis (2- 
methylphosphoryl) zirconium dichloride, bis (3-methylphosphoryl) scandium hydride, bis (3-methyl- 

5 phosphoryl) zirconium dimethyl, bis (3-methylphosphoryl) scandium dichloride, bis (2, 3-dimethyl- 
phosphoryl) scandium hydride, bis (2, 3-dimethylphosphoryl) zirconium dimethyl, bis (2, 3-dimethyl- 
phosphoryl) zirconium dichloride, bis (2, 4-dimethylphosphoryl) scandium hydride, bis (2, 4-dimethyi- 
phosphoryl) zirconium dimethyl, bis (2, 4-dimethylphosphoryl) zirconium dichloride, bis (2, 5-dimethyl- 
phosphoryl) scandium hydride, bis (2, 5-dimethylphosphoryl) zirconium dimethyl, bis (2, 5-dimethyl 

10 phosphoryl) zirconium dichloride, bis (3, 4-dimethyl phosphoryl) scandium hydride, bis (3, 4-dimethyl 
phosphoryl) zirconium dimethyl, bis (3, 4-dimethylphosphoryl) zirconium dichloride, bis (2, 3, 4-trimethyl- 
phosphoryl) scandium hydride, bis (2, 3, 4-trimethylphosphoryl) scandium hydride, bis (2, 3, 4-trimethyl 
phosphonyl) zirconium dimethyl, bis (2, 3, 4-trimethylphosphoryl) zirconium dichloride, bis (2, 3, 5- 
trimetylphosphoryl) scandium hydride, bis (2, 3, 5-trimethylphosphoryl) zirconium dimethyl, bis (2, 3, 5- 

75 trimethyl phosphoryl) zirconium dichloride, bis (2, 3, 4, 5-tetramethyl phosphoryl) scandium hydride, bis (2, 
3, 4, 5-tetramethyl phosphoryl) zirconium dimethyl, bis (2, 3, 4, 5-tetramethyl phosphoryl) zirconium 
dichloride, bis (phosphaindenyl) zirconium dimethyl, bis (phosphafluorenyl) zirconium dichloride, 
(phosphoryl) (phosindenyl) zirconium dimethyl, (phosphoryl) (phosphaindenyl) zirconium dichloride, (2- 
methyl phosphoryl) (phosphaindenyl) zirconium dimethyl, (2-methyJ phosphoryl) (phosphaindenyl) zirconium 

20 dichloride, (3-methyl phosphoryl) (phosphaindenyl) zirconium dimethyl, (3-methyl phosphoryl) 
(phosphaindenyl) zirconium dichloride, 2, 3-dimethyl phosphoryl) (phosphaindenyl) zirconium dimethyl, (2, 
3-dimethyl phosphoryl) (phosphaindenyl) zirconium dichloride, (2, 4-dimethyl phosphoryl) (phosphaindenyl) 
zirconium dimethyl, (2, 4-dimethyl phosphoryl) (phosphaindenyl) zirconium dichloride, (2, 5-dimethyl 
phosphoryl) (phosphaindenyl) zirconium dimethyl, (2, 5-dimethyl phosphoryl) (phosphaindenyl) zirconium 

25 dichloride, (3, 4-dimethyl phosphoryl) (phosphaindenyl) zirconium dimethyl, (3, 4-dimethyl phosphoryl) 
(phosphaindenyl) zirconium dichloride, (2, 3, 4-trimethyl phosphoryl) (phosphaindenyl) zirconium dimethyl, 
(2. 3, 4-trimethyl phosphoryl) (phosphaindenyl) zirconium dichloride, (2, 3, 5-trimethyl phosphoryl) 
(phosphaindenyl) zirconium dimethyl, (2, 3, 5-trimethyl phosphoryl) (phosphaindenyl) zirconium dichloride, 
(2, 3, 4, 5-tetramethyl phosphoryl) (phosphaindenyl) zirconium dimethyl, (2, 3, 4, 5-tetramethyl phosphoryl) 

30 (phosphaindenyl) zirconium dichloride, (phosphafluorenyl) (phosphaindenyl) zirconium dichloride, 
(phosphoryl) (phosphafluorenyl) zirconium dimethyl, (phosphoryl) (phosphafluorenyl) zirconium dichloride, 
(2-methyl phosphoryl) (phosphafluorenyl) zirconium dimethyl, (2-methyl phosphoryl) (phosphafluorenyl) 
zirconium dichloride, (3-methyl phosphoryl) (phosphafluorenyl) zirconium dimethyl, (3-methyl phosphoryl) 
(phosphafluorenyl) zirconium dichloride, (2, 3-dimethyl phosphoryl) (phosphafluorenyl) zirconium dimethyl, 

35 (2, 3-dimethyl phosphoryl) (phosphafluorenyl) zirconium dichloride, (2, 4-dimethyl phosphoryl) 
(phosphafluorenyl) zirconium dimethyl, (2, 4-dimethyl phosphoryl) (phosphafluorenyl) zirconium dichloride, 
(2, 5-dimethyl phosphoryl) (phosphafluorenyl) zirconium dimethyl, (2, 5-dimethyl phosphoryl) 
(phosphafluorenyl) zirconium dichloride, (3, 4-dimethyl phosphoryl) (phosphafluorenyl) zirconium dimethyl, 
(3, 4-dimethyl phosphoryl) (phosphafluorenyl) zirconium dichloride, (2, 3, 4-trimethyl phosphoryl) 

40 (phosphafluorenyl) zirconium dimethyl, (2, 3, 4-trimethyl phosphoryl) (phosphafluorenyl) zirconium dichlo- 
ride, (2, 3, 5-trimethyl phosphoryl) (phosphafluorenyl) zirconium dimethyl, (2, 3, 5-trimethyl phosphoryl) 
(phosphafluorenyl) zirconium dichloride, (2, 3, 4, 5-tetramethyl phosphoryl) (phosphafluorenyl) zirconium 
dimethyl, (2, 3, 4, 5-tetramethyl phosphoryl) (phosphafluorenyl) zirconium dichloride, (phosphaindenyl) 
(phosphafluorenyl) zirconium dimethyl, material using yttrium in place of scandium that is the transition 

45 metal, and material using titanium or hafnium in place of zirconium. However, the present invention is not 
limited to the foregoing materials. 

The metal portion bonded with the heteroatom of the ligand A and/or B of the transition metal 
organometallic compound expressed by general formula (4), that is, the portion expressed by general 
formula (9) 

50 

L m M 2 (9) 

is specifically exemplified by tricarbonyl iron, tricarbonyl ruthenium, tricarbonyl osmium, cyclopentadienyl 
cobalt, cyclopentadienyl rhodium, cyclopentadienyl iridium, tetracarbonyl chromium, tetracarbonyl molyb- 
55 denum, tetracarbonyl tungsten, aluminum chloride, magnesium chloride, alumina, titania, nickel chloride, 
palladium chloride, and platinum chloride. However, the present invention is not limited to the foregoing 
materials. 
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R3 of the transition metal organometallic compound expressed by general formula (5) « a cyclopen- 
tadieny. group or a substituted cyclopentadienyl group exemplified by a cyc.opentadieny. group^a methy 
cydopenLienyl group, a butyl cyclopentadienyl group, a pentamethyl cyc.opentad.eny. group, an .ndenyl 
arouD ana a fluoLyi group. The organic transition metal compound expressed by general formula (5) ,s 
5 sScSy exemp,Ld by (cyc.opentadieny.) (phosphory.) scandium hydride, (cyc.opentad.eny.) 
phospho y,) zircolm dime*., (cydopentadieny.) (phosphory.) zirconium dichloride cyc.opentad.enyl) 2- 
mS phosphory.) scandium hydride, (cyclopentadienyl) (2-methy. phosphory ) -^J™** 
tevclLntadienyl) (2-methyl phosphory.) zirconium dichloride. (cyclopentad.enyl) (3-methyl Ph°sphoryl 
%3Z hS cyCopentadieny.) (3-methy. phosphory.) zirconium dimety.. (cyc.opentad.eny.) (3-methy. 
,o phosphoTy.) zirconium dich.oride, (cyc.opentadieny.) (2. 

Lclopentadienyl) (2, 3-dimethyl phosphoryl) zirconium dimetyl. (cyclopentad.enyl) (2. 3-d.methyl 
ShoryO zirconium dich.oride. (cyc.opentadieny.) (2. 4-dimethy. phosphory.) 
Jyclopentedienyl) (2, 4-dimethyl phosphoryl) zirconium dimetyl. (cyc.opentad^ny.) (2. 4-d.mehyl 
phChory.) zirconium dich.oride. (cyc.opentadieny.) (2. 5-dimethy. phosphory, ) ; 
Lclooentadienvl) (2. 5-dimethyl phosphoryl) zirconium d.metyl, (cyclopentadienyl) (2. 5 ojmetnyi 
" pCho^rlium d.ch.orid y e. (cyc.opentadieny.) (3. 4-dimethy. f ^^J^ 4 ^ 
(cyclopentadienyl) (3, 4-dimethyl phosphoryl) zirconium dimetyl, (cyclopentad.enyl) (3. 4-d.methyl 
Shory.) -conium dich.oride, (cyc.opentadieny.) (2, 3, 4-trimethy. phosph ^ «^J^J 
Lclopentadienyl) (2. 3. 4-trimethyl phosphoryl) zirconium dimetyl. (cyclopentad.enyl) <2 3, 4-tnmethyt 
20 SCO zirconium dich.oride. (cyclopentadienyl) (2. 3. 5-trimethy. f* 08 ^^^^^ 
(cvclopentadienyl) (2. 3, 5-trimethyl phosphoryl) zirconium dimetyl, (cyclopentad.enyl) (2. 3 5-tnmethyl 
SCO zirconium dich.oride, (cyc.opentadieny.) (2, 3. 4, 5-tetramethy. f^^^ J** 
LclODentadienyl) (2, 3, 4. 5-tetramethyl phosphoryl) zirconium d.metyl, (cyclopentad.enyl) (2 3. 4 5 
SXl Phosphor.) zirconium dichloride. (cyclopentadienyl) (phosphaindeny.) z.rcon.um d.methy 
25 cySadLyl) (phosphafluoreny.) zirconium chloride, material using yttrium .n place of scand.um that ,s 
STmttk* mL of the foregoing transition metal organometallic compound, mater.a. using t.tan.um o 
ha^ urr P laTe^ zirconium, and an organic transition meta. compound using a methy. cyc.opentad.eny 
gmup a buStcydointadieny. group, a pentamety. cyc.opentadieny. group, « J"*"^^^ 
group in place of the cyclopentadienyl group that is R of general formula (5) However, the present 

30 ^ o' — ^ with the transition metal organometalKc compound 

is exempt by materia, composed of metal atoms in group 1A. 2A, 2B or 3B of the penod.c table and 
conSno one or more alky, group. It is preferable that they are composed of lithium, boron, alum.num 
^SS^d^VmJlv be the same or different from one another. The organometallic compound 
35 ^mpl b a compound having a hydrocarbon group of a type bonded to meta. w.th hydrogen o 
iZ sS as alky., ary. or aralkyl. and having a substituent bonded to the metal w,th oxygen, such as 
alkoxide or halogen, the compound having one or more alkyl groups. 

The o monometallic compounds may be selectively employed to meet the desire, such as obtam.ng the 
aimed phS properties of the polymer or controlling the polymerization at the time of manufacture. The 
4 0 o aanomeSc impound for use in the present invention is exemplified by alky, lithium such as methy. 
En orCySm a.ky.borane such as triethy. borane; alkyl aluminum such as tnmethy. aluminum, 
riethvl alumLum or t iisobutyl aluminum; alkyl aluminum halide such as dimethyl alum.num fluor.de, 
2v tZnZm chlorL. diethyl a.uminum chloride or diisobuty. aluminum chloride; alky, magnesium 
s ch as dSmagnesium or buty.ethy. magnesium; Grignard agent such as methyl magnesium chlonde 
45 mefhvTmaqnesium bromide, butyl magnesium chloride and butylmagnesium brom.de; and alkylz nc such 
a7die hy.Sc o dTphenylzinc. However the present invention is not limited to the foregoing materials 

Tectorial havin/the bond between a.uminum and oxygen, o 
comoound is exemplified by aluminoxane expressed by general formula (6) or (7). R may be the same or 
dl ent from one another, R" being hydrogen, halogen, a.koxide or a hydrocarbon group. 
so exemplified by chlorine, bromine, iodine, a methoxy group, an ethoxy group, a propoxy group, a bu toxy 
goup a phenoxy group, a methy. group, an ethyl group, a propyl group, a bu^jc*. hexy .group, a 
phenyl group, a tolyl group, and a cyclohexyl group and the like. Symbol q .s an integer from 0 to 100 
P The method J manufacturing the foregoing compounds may be one of known methods exempted by 
(1) a method for making a reaction by adding tria.ky.a.uminum to a suspens.on of 
« comorisina a compound having adsorption water and salt (for example, magnes.um sulfate hydrate, copper 
suZ hydrate ! and "uminum'su.fate hydrate) containing crystal water; and (2) a method for al.owmg water 
to ad directly on trialkyl aluminum in the hydrocarbon medium. 
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An, ..n, f.t the foregoing organometallic compounds may be used solely or in the form of a 
comt.in;i!Mi! <. tv^A ng of two or more compounds to meet the object. It is preferable that the organometal- 
lic l*. fT»t « ji.fi *< * t'.» t*; used solely is material containing aluminum, and more preferably aluminoxane. In the 
cabc- wftw.-n it**- ur more combined organometallic compounds are used, it is preferable that aluminox- 
5 aim »- LiiMi.inM^.1 us, the component of the organic metal compound. 

Aiitx.iifih ttwMc- is no limitation to a method of preparing the catalyst from the organometallic compound 
and tin. nam, tan metal organometallic compound, a method is exemplified in which the preparation is 
perlo mod m a •■olvent that is inert to the two compounds and another method is exemplified in which a 
monemtn t h polymerization is mixed as a solvent. The temperature at which the foregoing process is 
w periormwi n not limited particularly. Also the time period for the process is not limited particularly. 

Thu ratio :A :hc transition metal organometallic compound and the organometallic compound to be set 
at the timo <>i faring the catalyst is not limited particularly. However, it is preferable that the mole ratio of 
the transit*.™ metal otganometallic compound and the organometallic compound per metal atom is as 
follows 

;5 (motai ot transition motal organometallic compound): (metal of the organometallic compound) = 100:1 

to 1:1000000 

More prefer af<*v ttm ratio is ranged from 1:1 to 100000. 

The ionic expound for use as the component of the catalyst according to the present invention is 
expressed oy gotwal lormula (8): 

20 

[C*][A-J <8> 

where [C*J »f. ration exemplified by: material containing active proton such as proton or BrcJnsted acid 
exemplifies by tnmcthyl ammonium, triethylammonium. 

25 tripropylammcniL.m. tnbutylammonium, N, N-dimethylanilinium, N, N-diethylanitinium, triphenyl- 
phosphonium. tn (o-tolyl) phosphonium or tri (p-tolyl) phosphonium and tri (mesityl) phosphonium; carbo- 
nium, oxomum or sulfonium cation that does not contain active proton and that are exemplified by 
compounds such as tnphenylcarbenium, tropylium ions, trimethyloxonium, triethyloxonium and triphenylox- 
onium; lithiurr ions magnesium ions, palladium ions, platinum ions, copper ions, silver ions, gold ions, 

30 mercury ions and an etherate compound in which a base, such as, ether is coordinated in the foregoing 
ions; ferrocemum ions: and dimethylferrocenium ions. However, the present invention is not limited to this. 

[A~] is anion which is not limited particularly and which is weakly coordinated with the foregoing 
transition metal compound. It is preferable to employ bulky and non-nucleophilic material which contains 
metal such as magnesium or aluminum having a charge or nonmetal such as halogen, boron or 

35 phosphorus, the material being a compound such as [AIR*"], [BR*-], [PRs - ] or [C10*~]. The material is 
exemplified by tetraphenylborate, tetra (pentafluorophenyl) borate, tetra (o-fluorophenyl) borate, tetra (p- 
fluorophenyl) berate, tetra (m-fluorophenyl) borate, tetra (3, 5-difluorophenyl) borate, tetra (2, 5- 
difluorophenyt) borate, tetra (2, 6-difluorophenyl) borate, tetra (o-tolyl) borate.tetra (p-tolyl) borate, tetra (3, 5- 
dimethylphenyl) borate, tetra (2, 5-dimethylphenyl) borate, tetraphenylaluminate, tetra (pentafluorophenyl) 

40 aluminate, tetra <o-fluorophenyl) aluminate, tetra (p-fluorophenyl) aluminate, tetra (m-fluorophenyl) aluminate, 
tetra (3, 5-difiuorophenyl) aluminate, tetra (2, 5-difluorophenyl) aluminate, tetra (2, 6-difluorophenyl) alu- 
minate, tetra <o-tolyl) aluminate, tetra (p-tolyl) aluminate, tetra (3, 5-dimethylphenyl) aluminate, tetra (2, 5- 
dimethylphenyl) aluminate, octadecar borate, dodecar borate, 1-carbaundecarborate and 1 -carbadodecar- 
borate. 

45 The ionic compound is exemplified by lithium tetrakispentafluorophenyl borate, anilinium tetrakispen- 
tafluorophenyl borate, triphenylcarbenium tetrakispentafluorophenyl borate, tropinium tetrakispen- 
tafluorophenyl borate, lithium tetrakispentafluorophenyl aluminate, anilinium tetrakispentafluorophenyl alu- 
minate, triphenylcarbenium tetrakispentafluorophenyl aluminate and tropylium tetrakispentafluorophenyl alu- 
minate. However, the present invention is not limited to the foregoing materials. 

so The organometallic compound is composed of group 1A, 2A, 2B or 3B metal atoms of the periodic 
table as described above, the organometallic compound having one or more alkyl group. It is preferable that 
the organometaihc compound is composed of lithium, boron, aluminum, magnesium and zinc. The atoms 
for constituting the organometallic compound may be the same or difference from one another, the 
organometallic compound being exemplified by material that has a hydrocarbon group bonded to metal with 

55 hydrogen or carbon such as an alkyl, aryl or aralkyl and a substituent bonded to metal with oxygen such as 
alkoxide or haloyen, the material having one or more alkyl group. The organometallic compound is 
exemplified by alkyl lithium such as methyl lithium or butyl lithium, alkyl borane such as triethyl borane, 
alkyl aluminum such as trimethyl aluminum, triethyl aluminum or triisobutyl aluminum, alkyl aluminum halide 
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such as dimethvl aluminum fluoride, dimethyl aluminum chloride, diethyl aluminum chloride or d»sobutyl 
rlumXSe Z aluminum hydride' such as diethyla.uminum hydride l^^J^Z 
hvdride alkvl magnesium such as dibutyl magnesium or butylethyl magnes.um, a Gngnard agent such as 
KCn^3SrWe. methy. magnesium bromide, butyl magnesium chloride or buty ^gnesu.m 
brom!de.and alky, zinc such as diethyl zinc or dipheny. zinc. However, the present invention ,s not Mad to 
the foregoing materials. Aluminoxane may be employed as described above „ nmnolind the 

Although there is no limitation to a method of preparing the catalyst from the ,on,c cwnpoun* £ 
oroan c transition metal compound and the organometallic compound, a method is exemplified ,n which the 
o eoamt on S performed in a solvent that is inert to each component and another method ,s exempli 
, which Tmonomer for the polymerization is mixed as a solvent. The order of the reacfons of the 
' romponenTs is not limited particularly. The temperature at which the foregoing process ,s performed ,n not 
limited oarticularly. Also the time period for the process is not limited particularly. 

Se ratto of the transition metal organometallic compound and the organometalhc compound to be se 
at the time of preparing the catalyst is not limited particularly. However, it is preferable that the mole ratio o 
s the tUX meS o^anometaHic compound and the organiometa.lic compound per metal atom ,s as 

f0,, Trneta. of transition metal organometallic compound): the organometallic compound) = 100:1 to 
1:1000000 1OO0O0 Also the ratio of the transition metal organometallic 

, 0 rrS-~ :sTotVm^Zcu, A arl, Howeve, it is preferable that the mole ratio of 
the transition metal organometallic compound and the ionic compounc ^'S ^ follows: 
(transition metal organometallic compound): (ionic compound) - 10:1 to 1.1 UUU. 

^Zt^^V^Z^cZ, composed of the foregoing compone J may utilize 

Z ^oT^ZUornexmo compound to synthesize polymers exhibiting different molecular wegh 
distr buin, methy, aluminoxane is used as the co-catalyst. When a polymer having a **«*™Z^ 
S svnthesized the ionic compound and the organic aluminum compound are used as the co-catalysts. In 

30 he Co ing exTmSes, various polymers can be efficiently synthesized. In anomer example .n wf,ch b 
<2 3 4 5-tetramethylphosphoryl) zirconium dichloride as expressed by general formula (1) the organic 
Sumlnum ^ompouTd^nd the ionic compound are used, uHra-higf.mo.ecular-we.ght polyethylene can be 
svnthesized However the present invention is not limited to the foregoing description. 

The TotmeriStion according to the present invention can be performed in the liquid phase and the gas 

35 ohas Vv£e Tthe pdymerization is performed in the liquid phase, any ordinary organ.c solvent may be 
employeTas he solvent. Specifica.*, the organic solvent is exemplified by ^^^^ 
pentane, hexane. heptane, and methylene chloride. Further, olefin such as propylene, 1-butene, 1-hexene 
^e * — «* as ethylene propylene. 

40 1-bulene tmeSyM^entene 1-hexene, and styrene, conjugate and non-conjugate diene such as butad - 
^ We^L and a cyclic o.efin such as cyclobutene. Two or more foregomg mixture components 

^The tempeTat'ure at which and the time for which the polymerization is performed and the concentration 
of ^SS^^S^ Particularly. It is preferably that the temperature, at which the oolymenzation 
45 is performed, is in a range from - 100 0 C to 230 • C. 

Examples 

Examples of the present invention will now be described in detail. The present invention is not limited to 

50 ^ Reasons were performed under an inert gas atmosphere without exception and all of solvents used in 
the reactions were obtained by known methods in which they had been refined dned and deox.dized. 

=0., weight ^"^JZX ZS2ZZ£.ttZZ ^ 
55 SSgSXZ^™^ wTs~eUeraL of the column was 140-0, and the 

"e^itTon "metal organometallic compounds were identified by using 'H-NMR (an NMR measuring 
eJIS^^^n^u^ by Nihon Bunko and solvent CDCLa was used) and a mass analyzer 
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("LC/GC/Ms-QP-1 OOOS manufactured by Shimazu adapted to a direct sample introduction method) or an 
element analyzer. 

Preparation 

5 

Synthesis of 1-phenyl-2, 3, 4, 5-tetramethylphosphole 

17.44 g of 2-butyene was dissolved in 250 ml of dichloromethane, followed by adding to a suspension 
in which 22.7 g of aluminum chloride was suspended in 250 ml of dichloromethane and which had been 
io cooled to -10 ° C. The reaction mixture thus obtained was heated to complete the reactions. 

The reaction mixture was again cooled, and then a solution, in which 31.7 g of dichlorophenyl 
phosphinc was dissolved in 250 ml of dichloromethane, was added. Then, 39 ml of n-butyl phosphine 
dissolved in 350 ml of dichloromethane was added so that reactions were completed. Then, a post-process 
was performed, and the pressure was reduced and reaction product was distilled, so that 24 g of desired 
15 product was obtained. 

Synthesis of bis (2, 3, 4, 5-tetramethylphosphoryle) zirconium dichloride 2.27 g of 1-phenyl-2, 3, 4, 5- 
tetramethylphosphol was added to 50 ml of tetrahydrofuran, followed by further adding 0.47 g of lithium to 
react them, so that an excess, of lithium was removed. Then, aluminum chloride was added to the reaction 
to solution, followed by neutralize phenyl lithium generated due to the reaction. Then, 1.17 g of zirconium 
chloride suspended in 10 ml of toluene was added. 2.3 g of orange solid body (desired material) was 
ohtamerl from the reaction solution. 

Synthesis of bis (2. 3, 4, 5-tetramethylphosphoryl) zirconium dichloride-tricarbonyl iron 

25 

0.44 g of the foregoing orange solid body and 0.46 g of Fe2 (CO)g were stirred in methylcyclohexane, 
followed by heating and refluxing. As a result, 0.1 g of red powder (desired material) was obtained from the 
reaction solution. 

30 Example 1 



500 ml of toluene was introduced into a 2 /-autoclave, followed by adding 1.25 mmol, which was 
converted into aluminum atoms, of methyl aluminoxane (manufactured by Toso Aquzo and having a 
molecular weight of 1121) and 1.1 mg of the foregoing bis (2, 3, 4, 5-tetramethylphosphoryl) zirconium 
35 dichloride. While supplying ethylene to the autoclave to make the pressure of ethylene to be 8 kg/cm 2 G, 
polymerization was performed at 60 °C for one hour. As a result, 72.5 g of granular polyethylene was 
obtained, the weight average molecular weight (Mw) of which was 490000, and the molecular weight 
distribution (Mw/number average molecular weight (Mn)) of which was 3.3. 

40 Example 2 

Polymerization of ethylene was performed similarly to Example 1 except for using 5 mmol of methyl 
aluminoxane. As a result, 89.9 g of powder polyethylene was obtained, the Mw of which was 220000 and 
Mw/Mn of which was 4.3. 

45 

Example 3 

Polymerization of ethylene was performed similarly to Example 1 except for using 2.2 mg of bis (2, 3, 4, 
5-tetramethylphosphoryl) zirconium dichloride and setting the polymerization duration to be 30 minutes. As 
50 a result, 65 g of powder polyethylene was obtained, the Mw of which was 290000 and Mw/Mn of which was 
4.9. 

Example 4 

55 Polymerization of ethylene was performed similarly to Example 1 except for using 0.25 mmol of methyl 

aluminoxane. As a result, 27.1 g of powder polyethylene was obtained. 

Polyethylene thus obtained could not be measured by the GPC because of an assumption that the 
molecular weight of the polyethylene was too high. 
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Example 5 

Polymerization of ethylene was performed similarly to Example 1 except for using 25 mmol of methyl 
aluminoxane. As a result, 93.2 g of powder polyethylene was obtained, the Mw of which was 48800 and 
5 Mw/Mn of which was 4.05. 

Example 6 

500 ml of toluene was introduced into a 2 /-autoclave, followed by adding 1.25 mmol, which was 
w converted into aluminum atoms, of methyl aluminoxane (manufactured by Toso Aquzo and having a 
molecular weight of 1121) and 1.1 mg of the foregoing bis (2, 3, 4, 5-tetramethylphosphoryl) zirconium 
dichloride. 500 ml of propylene was added to the autoclave, and then the temperature was raised to 60 
so that polymerization was performed for one hour. As a result, 3.1 g of polypropylene was obtained. 

75 Example 7 

500 ml of toluene was introduced into a 2 /-autoclave, followed by adding 0.25 mmol of triisobutyl 
aluminum and 1.1 mg of the foregoing bis (2, 3, 4, 5-tetramethylphosphoryl) zirconium dichloride. Then, a 
10 ml of toluene solution containing 10 mg of anilinium tetrakispentafluorophenyl borate was added to the 
20 autoclave. The solution was stirred for several minutes, and then polymerization was performed at 60 • C for 
one hour while supplying ethylene to the autoclave to make the pressure of ethylene to be 8 kg/cm 2 G. As a 
result, 22.6 g of granular polyethylene (the melting point of which was 137-C and the weight average 
molecular weight (Mw) of which was 640000) was obtained. 

25 Example 8 

Polymerization of ethylene was performed similarly to Example 7 except for using 11 mg of triphenyl- 
carbonium tetrakispentafluorophenyl borate in place of anilinium tetrakispentafluorophenyl borate. As a 
result, 33 g of polyethylene was obtained. 



30 



35 



40 



Example 9 

Polymerization of ethylene was performed similarly to Example 8 except for using trimethyl aluminum in 
place of triisobutyl aluminum. As a result, 2.7 g of polyethylene was obtained. 

Example 10 

600 ml of toluene and 200 ml of 1-hexene were introduced into a 5 /-autoclave, followed by adding 0.25 
mmol of triisobutyl aluminum and 2.2 mg of the foregoing bis (2, 3, 4, 5-tetramethylphosphoryl) zirconium 
dichloride. Then, a 10 ml of toluene solution containing 8.1 mg of anilinium tetrakispentafluorophenyl borate 
was added to the autoclave. The solution was stirred for several minutes, and then polymerization was 
performed at 60 °C for one hour while supplying ethylene to the autoclave to make the pressure of ethylene 
to be 8 kg/cm 2 G. As a result, 63.7 g of powder polymer was obtained. 

45 Example 1 1 

600 ml of toluene and 25 ml of 1-hexene were introduced into a 5 /-autoclave, followed by adding 0.25 
mmol of triisobutyl aluminum and 2.2 mg of the foregoing bis (2, 3, 4, 5-tetramethylphosphoryl) zircon.um 
dichloride. Then, a 10 ml of toluene solution containing 8.1 mg of anilinium tetrakispentafluorophenyl borate 
50 was added to the autoclave. The solution was stirred for several minutes, and then polymerization was 
performed at 60 • C for one hour while supplying ethylene to the autoclave to make the pressure of ethylene 
to be 8 kg/cm 2 G. As a result, 55.4 g of granular polyethylene (the melting point of which was 129-C and 
the weight average molecular weight (Mw) of which was 84000) was obtained. 

55 Example 12 

500 ml of toluene was introduced into a 2 /-autoclave, followed by adding 2.5 mmol of triisobutyl 
aluminum and 1.1 mg of the foregoing bis (2, 3, 4, 5-tetramethylphosphoryl) zirconium dichloride. The 
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solution was stirred for several minutes, and then polymerization was performed at 60 ° C for one hour while 
supplying ethylene to the autoclave to make the pressure of ethylene to be 8 kg/cm 2 G. As a result, 1.5 g of 
polyethylene was obtained. 

5 Example 13 

500 ml of toluene was introduced into a 2 /-autoclave, followed by adding 25 mmol, which was 
converted into aluminum atoms, of methyl aluminoxane (manufactured by Toso Aquzo and having a 
molecular weight of 1121) and 1.4 mg of the foregoing bis (2, 3, 4, 5-tetramethylphosphoryl) zirconium 
w dichloride-tricarbonyl iron. Polymerization was performed at 60 °C for one hour while supplying ethylene to 
the autoclave to make the pressure of ethylene to be 8 kg/cm 2 G. As a result, 46 g of polyethylene was 
obtained (the weight average molecular weight (Mw) of which was 71000, and the molecular weight 
distribution (Mw/Mn)) of which was 5.6. 

15 Example 14 

Polymerization of ethylene was performed similarly to Example 13 except for using 1.25 mmol of 
methyl aluminoxane. As a result, 14 g of polyethylene was obtained, the Mw of which was 20000 and 
Mw/Mn of which was 2.5. 

20 

Example 15 

Polymerization of ethylene was performed similarly to Example 14 except for setting the polymerization 
temperature to 90 °C. As a result, 8 g of polyethylene was obtained, the Mw of which was 230000 and 
25 Mw/Mn of which was 1 1 .8. 

Example 16 

Polymerization of ethylene was performed similarly to Example 14 except for using 1.25 mmol of 
30 triisobutyl aluminum in addition to 1.25 mmol of methyl aluminoxane. As a result, 24 g of powder 
polyethylene was obtained. Polyethylene thus obtained could not be measured by the GPC because of an 
assumption that the molecular weight of the polyethylene was too high. The molecular weight (Mv) obtained 
from the viscosity average was 250000. 

35 Example 17 

Polymerization of ethylene was performed similarly to Example 13 except for adding 100 ml of 1- 
hexene. As a result, 23 g of ethylene-hexene copolymer exhibiting uniform composition distribution was 
obtained. Mw of the obtained ethylene-hexene copolymer was 61000 and Mw/Mn of the same was 4.2. 

40 

Example 18 

500 ml of toluene was introduced into a 2 /-autoclave, followed by adding 1.25 mmol of trimethyl 
aluminum and 1 .4 mg of the foregoing bis (2, 3, 4, 5-tetramethylphosphoryl) zirconium dichloride-tricarbonyl 
45 iron. Polymerization was performed at 60 • C for one hour while supplying ethylene to the autoclave to make 
the pressure of ethylene to be 8 kg/cm 2 G. As a result, 0.1 g of polyethylene was obtained. 

Example 19 

50 500 ml of toluene was introduced into a 2 /-autoclave, followed by adding 1.25 mmol of triisobutyl 
aluminum and 1 .4 mg of the foregoing bis (2, 3, 4, 5-tetramethylphosphoryl) zirconium dichloride-tricarbonyl 
iron. Further, 10 mg of anilinium tetrakispentafluorophenyl borate synthesized by a known method and 
dissolved in 10 ml of toluen was added to the autoclave. Polymerization was performed at 60 'C for 30 
minutes while supplying ethylene to the autoclave to make the pressure of ethylene to be 8 kg/cm 2 G. As a 

55 result, 54 g of polyethylene was obtained, Mw of which was 233000 and Mw/Mn of which was 2.0. 
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Example 20 

Synthesis of (cyclopentadienyl) (2, 3, 4, 5-tetramethylphosphoryl) zirconium dichioride 

2 33 g of monocyclopentadienyl zirconium trichloride suspended in 50 ml toluene was added to a 50 ml 
solution of tetrahydrofuran containing 8.88 mmol of lithium salt of 2, 3, 4, 5-tetramethylphosphol. 1.0 g of 
light-yellow solid body was obtained from the reaction solution by re-crystallization. 

The analyzed values of the product were as follows: 



is 



10 




Cwt% 


Hwt% 


Clwt% 




Analyzed values 


43.46 


4.78 


18.8 




Calculated Values 


42.62 


4.68 


19.4 



The 'H-NMR spectrum is shown in Fig. 1, while the Mass spectrum is shown in Fig. 2. 



25 



Ex ample 21 

Synthesis of (indenyl) (2, 3, 4, 5-tetramethylphosphoryl) zirconium dichioride 

The 4 68 g of monoindenyl zirconium trichloride suspended in 100 ml toluene was added to a 50 ml 
solution of tetrahydrofuran containing 11 mmol of lithium salt of 2, 3, 4, 5-tetramethylphosphol. 1.48 g of 
light-yellow solid body was obtained from the reaction solution by re-crystal I ization. 



30 





Cwt% 


Hwt% 


Clwt% 


Analyzed Values 
Calculated Values 


48.88 
49.03 


4.98 
4.60 


16.3 
17.0 



The 'H-NMR spectrum is shown in Fig. 3, while the Mass spectrum is shown in Fig. 4. 



Example 22 

35 Synthesis of bis (2, 3, 4, 5-tetramethylphosphoryl) titanium dichioride 

2 6 g of titanium chloride tetrahydrofuran complex suspended in 50 ml toluene was added to a 50 ml 
solut.on of tetrahydrofuran containing 15.9 mmol of lithium salt of 2, 3, 4, 5-tetramethylphosphol. 2.5 g of 
orange oily solid body was obtained from the reaction solution (the obtained compound contained a small 
40 quantity of phenyl aluminum compound). 

The 1 H-NMR spectrum is shown in Fig. 5. 

Example 23 

45 500 ml of toluene and 15 ml of 1-hexene were introduced into a 2 /-autoclave, followed by adding 5 
mmol which was converted into aluminum atoms, of methyl aluminoxane (manufactured by Toso Aquzo 
and having a molecular weight of 1121) and 0.2 mg of the foregoing (cyclopentad.enyl) (2, 3, 4, 5- 
tetramethylphosphoryl) zirconium dichioride. Hydrogen was introduced into the autoclave to make the 
pressure to be 0.5 kg/cm 2 , and then polymerization was performed at 60 'C for 20 minutes wh.le supplying 

so ethylene to the autoclave to make the total pressure to be 8 kg/cm 2 Q. As a result, 28.6 g of granular 
polyethylene was obtained, the weight average molecular weight (Mw) of which was 17100, and the 
molecular weight distribution (Mw/Mn)) of which was 2.8. 



55 



Example 24 

Polymerization was performed similarly to Example 23 except for making the quantity of 1-hexene to be 
25. ml and for adding no hydrogen. As a result, 16.9 g of polyethylene was obtained. 
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Example 25 

500 ml of toluene was introduced into a 2 /-autoclave, followed by adding 0.25 mmol of triisobutyl 
aluminum and 0.2 mg of the foregoing (cyclopentadienyl) (2, 3, 4, 5-tetramethylphosphoryl) zirconium 
5 dichloride. Further, 2 mg of anilinium tetrakispentafluorophenyl borate synthesized by a known method and 
dissolved in 10 ml of toluen was added to the autoclave. Polymerization was performed at 60 "C for 60 
minutes while supplying ethylene to the autoclave to make the pressure of ethylene to be 8 kg/cm 2 G. As a 
result, 22.3 g of polyethylene was obtained. 



10 Example 26 



Polymerization was performed similarly to Example 25 except for adding 25 ml of 1-hexene and for 
setting the polymerization duration to 20 minutes. As a result, 22.4 g of polyethylene was obtained (the 
melting point of which was 127.1 °C). 

75 According to the present invention, sole use of the transition metal organometallic compound compris- 

ing cyclic compounds including heteroatoms and ir-electrons as the ligand and the organometallic 
compound and/or ionized ionic compound or use of the same in such a manner that they are combined to 
co-exist so that polyolefin exhibiting excellent physical properties and processability can be obtained in 
terms of polymerization activity with respect to olefin, excellent appearance of obtained polymer, wide 

20 molecular weight distribution and satisfactory composition at the time of the copolymerization. Con- 
sequently, the present invention can be utilized to manufacture the catalyst for polymerization and as the 
method of polymerizing olefin that exhibits excellent industrial value. 



Claims 

25 

1. An organometallic compound comprising 

a transition metal of any one of group 3A to group 8 of the periodic table and 

at least one cyclic ligand containing a heteroatom of group 5A or group 5B of the periodic table which 
is capable of forming a 7r-bond, 
30 wherein said transition metal is bonded to the heterocyclic ligand via said heteroatom and a 7r-bond. 

2. The organometallic compound according to 

claim 1, wherein the structure of said compound is expressed by the following general formula (1): 



35 



M 1 X 



40 



B 



n 



(1) 



where A and B respectively are expressed by general formulas (2) and (3): 
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10 



15 




(2) 



20 



25 



30 




(3) 



35 



40 



where E and E respectively are heteroatoms in group 5 or group 5E > * * 

d+ os R 6 R 7 and R8 m ay be the same or different from one another, R . R , R . R . R • ana 
Rs'^ng hydrogen, or a hydrocarbon group such as an a,y. group, an ary^group or an aralky, group^ 
or an acvl aroup a cyanide group, a silyl group or a germyl group, or R 1 and R , R and R , H ana 
# and/o R^and form an anellated ring, MP is transition metal in any one of group 3A to group 8 o 
the oehodic table and X may be the same or different from one another, X being hydrogen, alkyl 
Sue arJ Tm Syl gni. acyl group, cyanide group, silyl group, germyl group, am.de group, 
Se group ' phosph^ group alkoxide group, aryloxide, sily.oxide, sulfide, or halogen, and n ,s an 
integer from 1 to 4. 



45 



The organometallic compound according to claim 1 
expressed by the following general formula (4): 



wherein the structure of said compound is 



50 



A 

2^ X 1 
L M M X 

m v y n 

X B 7 



(4) 



55 



where A B E E' R1 to R8, M\ X and n denote the same contents as those described above, M= is 
: n Uion metal in any one of group 3A to group 8 of the periodic table or a 

silicon excluded) in any one of groups 1A. 2A, 3B and 4B, M 2 being bonded to A and/or B with the 
SS^ME^ E'). L may be the same or different from one another, L being a l.gand, organ.c 
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metal compound, transition metal compound and salt for stabilizing the transition metal M 2 , and m is an 
integer larger than zero. 

4. The organometallic compound according to claim 1, wherein the structure of said compound is 
5 expressed by the following general formula (5): 

A 

M X n (5) 



10 



/ 
9 



where A, E, R 1 to R 4 , M 1 , X and n denote the same contents as those described above, and R 9 is a 
75 cyclopentadienyl group or a substituted cyclopentadienyl group. 

5. A catalyst for polymerizing olefin, comprising an transition metal organometallic compound according to 
claim 1 and an organometallic compound as components thereof. 

20 6. A catalyst for polymerizing olefin according to claim 5, wherein said organometallic compound is an 
organic aluminum compound. 

7. A catalyst for polymerizing olefin according to claim 5, wherein said organometallic compound is 
aluminoxane expressed by the following general formula (6) or (7): 

25 

R 10 R 10 R 10 

\ I / 

30 A 1 ( O — A I 3 0 — A 1 



(6) 



\ 



35 



10 \io 



R 10 



40 



O-Alf 



(7) 



45 where R 1C may be the same or different from one another, R 10 being hydrogen, halogen, alkoxide or a 

hydrocarbon group such as an alkyl group, an aryl group or a aralkyl group, and q is an integer from 0 
to 100. 

8. A catalyst for polymerizing olefin according to claim 7, wherein an organometallic compound except for 
so aluminoxane is contained as said organometallic compound. 

9. A catalyst for polymerizing olefin according to any one of claims 5 to 8, wherein an ionic compound 
expressed by the following general formula (8) is contained as a component: 

55 [C+][A-] (8) 

where [C + ] is cation, and [A~] is anion. 
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10. A method of polymerizing olefin comprising a step using a catalyst for polymerizing olefin according to 
any one of claims 5 to 9. 
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